Inflammatory processes that occur after injury contribute to wound closure. Previous studies showed that wounds of restraint-stressed (RST) mice had a reduced number of inflammatory cells and healed more slowly compared to controls. To investigate the molecular mechanisms between stress and wound healing, we studied cutaneous gene expression of IL-1α, IL-1β, and KGF-1. Female SKH-1 mice were restrained for 3 days before and for 5 days following placement of cutaneous wounds. Wounds were subjected to competitive RT-PCR. At day 1, RST mice had significantly lower IL-1β and KGF-1 mRNA than controls. At day 5, RST mice had significantly higher IL-1α and IL-1β mRNA than controls. Treatment of RST mice with the glucocorticoid receptor antagonist RU486 restored IL-1β mRNA expression at day 1. Our results suggest that stress induces alterations in the kinetics of cutaneous proinflammatory cytokine and growth factor gene expression which could impair the quality of healing tissues.
INTRODUCTION
A skin wound elicits an inflammatory response upon which later regenerative processes, such as tissue proliferation and remodeling, will depend. Extraneous conditions that are known to alter the inflammatory response to injury, such as stress, could in turn compromise wound repair. Indeed, our previous studies suggest that there are interactions among stress, inflammation, and wound healing. Chronically stressed individuals (caregivers of dementia patients) took 24% longer to heal a cutaneous wound than matched controls (Kiecolt-Glaser, Marucha, Malarkey, Mercado, & Glaser, 1995). Marucha, Kiecolt-Glaser, and Favagehi (1998) demonstrated that dental students experiencing examination stress had a 40% delay in mucosal wound healing compared to healing during vacation. In both studies stress was related to significant decreases in whole blood interleukin-1β (IL-1β) responses to lypopolysaccharide (LPS). Proinflammatory cytokines IL-1α and IL-1β modulate the expression of chemokines and adhesion molecules necessary for continued recruitment of inflammatory cells (Bickel, Nöthen, Freiburghaus, & Shire, 1996) . They may also contribute to simultaneous repair of the wound surface by inducing expression of keratinocyte growth factor-1 (KGF-1, or FGF-7), a mitogen for keratinocytes which is critical during re-epithelialization (Pierce, Yanagihara, Klopchin, Danilenko, Hsu, Kenney, & Morris, 1994; Rubin, Osada, Finch, Taylor, Rudikoff, & Aaronson, 1989; Staiano-Coico, Kruger, Rubin, D'Limi, Vallar, Valentino, Fahey III, Hawes, Kingston, Maidden, Mathwich, Gottlieb, & Aaronson, 1993; Werner, Smola, Liao, Longaker, Krieg, Hofschneider, & Williams, 1994) . Therefore, dysregulation of IL-1 and
